Over the last century, the anthropogenic production of CO2 has led to warmer 22 (+0.74 °C) and more acidic (-0.1 pH) oceans 1 , resulting in increasingly frequent and 23 severe mass bleaching events worldwide that precipitate global coral reef decline 2,3 . To 24 mitigate this decline, proposals to augment the stress tolerance of corals through genetic 25 and non-genetic means have been gaining traction 4 . Work on model systems has shown 26 that environmentally induced alterations in DNA methylation can lead to phenotypic 27 acclimatization 5,6 . While DNA methylation has been observed in corals 7-10 , its potential 28 role in phenotypic plasticity has not yet been described. Here, we show that, similar to 29 findings in mice 11 , DNA methylation significantly reduces spurious transcription in the 30
despite the significantly reduced calcification rates 12 . 48 To investigate whether epigenetic mechanisms regulate phenotypic acclimatization to long-49 term pH stress, we cultivated S. pistillata colonies in aquaria for more than two years under 50 four experimental conditions of seawater pH at 7.2, 7.4, 7.8 and 8.0 (control). Conditions in 51 these aquaria were identical, except for the pCO2 and resulting differences in carbon 52 chemistry in the tanks (3792, 2257, 856 and 538 μatm, respectively). We performed whole 53 genome bisulphite sequencing on three replicate nubbins per tank and obtained data from 54 98% of all CpGs in the genome with a per-sample, per-position mean coverage of ~25× 55 (Supplementary Discussion 1, Supplementary Data 1). 56
The S. pistillata genome is sparsely methylated (1,406,097 bp, 7% of all CpGs), similar to 57 other invertebrates, e.g., 1% in the bee Apis mellifera 14 ; 2% in the wasp Nasonia 58 vitripennis 15 ; and 9% in the sea anemone Nematostella vectensis 16 . Like other invertebrates, 59 the vast majority of cytosine methylation in S. pistillata occurs in genic (76.2%) rather than 60 intergenic (22.9%) regions. Surprisingly, methylation in introns was higher than that in exons 61 ( Fig. 1a, 1b) , unlike other invertebrates where introns have been reported to have low 62 methylation 15, 16 . 63 In contrast to vertebrates, methylation in the promoter regions of S. pistillata is scarce and 75 does not seem to affect gene expression (see Supplementary Discussion 2); methylated 76 positions are instead predominantly located within gene bodies (Figure 1c ). Gene body 77 methylation has recently been shown, in mice, to be established via crosstalk between the 78 transcriptional machinery and histone modifications. RNA polymerase II-mediated 79 transcription establishes new methylated positions along the gene body through the action of 80 SetD2, H3K36Me3 and Dnmt3b. Methylation, in turn, reduces spurious transcription from 81 cryptic promoters within these gene bodies 11 . Analyses of our RNA-seq data strongly indicate 82 that these functions are conserved in corals. We find that gene body methylation increases 83 with gene expression in S. pistillata (Fig. 2a, b ), similar to other corals 7,8 . More importantly, 84 we observe that methylated genes show significantly lower levels of spurious transcription 85 relative to unmethylated genes ( Fig. 2c ). Furthermore, consistent with the repressive nature of 86 methylation on expression, our analysis indicates that methylation in gene bodies also 87 reduces transcriptional noise (lower variability of gene expression levels), echoing previous 88 reports in corals and other organisms 7,17 ( Fig. 2d, Supplementary Discussion 3) . These 89 findings also suggest that the biological functions of gene body methylation are likely 90 conserved across Metazoa, if at all present in the organism. 91 92 Figure 2: Effect of gene body methylation on genic expression. (a) The expression of 94 methylated genes is significantly higher than that of unmethylated genes (p < 10 -300 , 95 Student's t-test). (b) Expression values for methylated genes are exponentially proportional to 96 methylation level; however, the relationship of expression to methylation density is non-97 linear. Methylation density at low levels is exponentially proportional to expression values, 98 but it plateaus at ~40%. (c) Expression levels of the first six exons were calculated as natural 99 logarithms of fold changes relative to the expression of the first exon. The difference in 100 expression levels is likely driven by the reduction of cryptic transcription initiation in 101 methylated genes. The difference is greater in highly methylated genes (median methylation 102 level > 80%). Asterisks represent p values from t-tests of methylated (orange) or highly 103 methylated genes (red) against unmethylated genes (peach), and coloured accordingly. *: p < 104 0.05; **: p < 0.01; ***: p < 0.001; ****: p < 0.0001. (d) There is a linear relationship 105 between the inverse of the coefficient of variation (cv -1 ) and the log10-transformed mean 106 expression values from all samples. The coefficient of variation, defined as the standard 107 deviation of measured expression values divided by their mean, is consistently lower in 108 methylated genes than unmethylated genes. 109 110 Based on these findings, we sought to further elucidate the potential role DNA methylation in 111 phenotypic acclimation. Using generalised linear models (GLMs), we identified genes that 112 undergo differential methylation in response to pH treatment (Supplementary Data 2). In 113 general, we observed a significant increase in overall DNA methylation with decreasing pH, 114 echoing similar observations in Pocillopora damicornis 9 . To validate these changes in 115 methylation, we performed amplicon-specific bisulphite sequencing of selected genes on the 116 original samples, as well as on samples of an independent experiment. These analyses 117 showed high correlation of results obtained from whole genome and amplicon-specific 118 bisulphite sequencing (r 2 > 0.8, p < 0.01, Extended Data Fig. 5a ) and further confirmed a 119 high degree of reproducibility of DNA methylation changes across independent experiments 120 (p < 0.01, Extended Data Fig. 5b ). Analyses on laser-microdissected oral and aboral tissues 121 further highlighted that most of the selected genes displayed strong and consistent tissue-122 specific methylation patterns, similar to findings in vertebrates 18 . These patterns were, in 123 some cases, also correlated with known tissue-specific functions or activities of these genes 124
(Supplementary Discussion 4). 125
Based on the skeletal phenotypes reported in previous studies analysing the effects of 126 decreased pH levels on corals 12,19-21 , we initially expected that many of the differentially 127 methylated and differentially expressed genes would be involved in biomineralization. 128 However, among the calcification genes we characterized, relatively few genes responded. 129
Overall, we observed a minor shift in methylation of organic matrix (OM) and extracellular matrix (ECM) components, with some known OM genes upmethylated and/or upregulated 131 and others downmethylated and/or downregulated, implying a possible change in the 132 scaffolding structure of the OM and ECM (Supplementary Discussion 5). As a general trend, 133
we observed that Ca 2+ -binding OM constituents exhibited increased methylation and 134 expression, whereas genes involved in cell-cell adhesion exhibited decreased methylation and 135 expression. 136
Instead of biomineralization-related pathways, a functional enrichment analysis of 137 differentially methylated genes revealed processes linked to growth and stress response ( Fig.  138 3a, Supplementary Data 3). More specifically, we observed that the methylation levels of 139 many genes in the MAPK signalling and cell growth pathways changed significantly ( Fig.  140 3b). Remarkably, we found that the methylation levels of genes involved in the negative 141 regulation of JNK and MAPK increased; conversely, the methylation levels of genes that 142 positively regulate the same kinases decreased ( Fig. 3c ). For instance, the methylation of JIP1 143 (JNK-interacting protein 1, SpisGene10613), a negative regulator of JNK, increased in both 144 aboral and oral tissues at pH 7.2; while the methylation of TRAF6 (TNF receptor-associated 145 factor 6, SpisGene580), a positive regulator of JNK, decreased in both tissues. The JNK 146 pathway has previously been shown to control cell, organ and body size in response to stress 147 in mice 22 and Drosophila 23 . The consistent differential methylation of JNK effectors that we 148 observed in S. pistillata in response to decreasing pH levels therefore suggested a change in 149 cell and body size. highlighted several key genes that are differentially expressed in a manner that suggests a 163 delay in cell division and an increase in cell size and body growth. For instance, Mos, a 164 kinase that has been shown to prevent the degradation of cyclin B and thereby delay the onset 165 of the anaphase 24 , was upregulated. Similarly, GADD45, a gene that binds to CDK1 and 166 prevents its association with cyclin B, was also upregulated, potentially delaying the onset of 167 M phase 25 . In contrast, Ras, which plays a key role in the progression of the G1 phase, was 168 downregulated 26 . The kinases and phosphatases that regulate Ras experienced concomitant 169 changes that indicated an overall reduction in Ras activity (Extended Data Fig. 1 ). For the 170 latter, we observed expression increases in c-JUN, a transcription factor that promotes 171 cellular growth; and Hsp70, previously observed in coral larvae under prolonged pH stress 172 and presumably expressed to assist in the correct folding of cellular proteins 27 . The 173 differential expression of these genes was subsequently corroborated via a quantitative In light of our data, we hypothesised that changes in DNA methylation ( Fig. 4a ) and 197 expression of key genes lead to an increase in cell size at pH 7.2. We first confirmed that 198 individual cell sizes were significantly larger in corals grown at pH 7.2 relative to the control 199 (total n = 4,728 measurements across 14 nubbins, Fig. 4b , Supplementary Data 5a). We then 200 hypothesized that this cell-level phenotypic change would be accompanied by a 201 corresponding increase in polyp size, and ultimately, skeletal structure. Specifically, we 202 posited that larger cells form larger polyps and larger corallite calyxes (the cup-shaped 203 openings in the skeleton that house the polyps). As measuring the size of polyps is difficult 204 due to their expandable/contractible nature, we opted to measure the size of the calyx as a 205 proxy. As predicted, our analyses confirmed that the calyxes in corals grown at pH 7.2 206 relative to the control were indeed significantly larger (total n = 181 measurements across 10 207 nubbins, Fig. 4c , Supplementary Data 5b). Finally, we also confirmed that the skeleton was 208 significantly more porous (n = 6 nubbins, Fig. 4d It is important to note that while our results show a strong correlation between changes in 220 DNA methylation and the resulting phenotype, they do not show a sensu stricto causal 221 relationship between changes in the methylation state and the phenotype. However, the high 222 reproducibility of the changes in methylation and the presence of tissue-specific DNA 223 methylation patterns lend support for a function of DNA methylation in phenotypic plasticity. 224
Our results suggest that the observed phenotypic changes under pH stress are mediated 225 through differential methylation and expression of known stress response pathways that 226 control cell proliferation and growth 22, 23 . We propose that these cellular phenotypic changes, 
SD1. Comparisons with previous methylation studies in corals 244
In the absence of direct evidence, earlier work in corals 7,8,10 based the identification of 245 methylated genes on two assumptions. Firstly, methylated genes have coding sequences with 246 fewer CpG dinucleotides than expected. This is usually quantified with CpGO/E (also termed 247 "CpG bias"), which represents the ratio of observed versus expected CpG dinucleotides on a 248 per-gene basis. Secondly, strongly methylated genes have both high methylation levels (a 249 particular CpG is methylated in most cells) and high methylation density (most CpGs in that 250 gene are methylated). 251
Our data show that there are exceptions to both assumptions. A low CpGO/E value (< 0.6) is 252 fairly indicative of methylated genes, but classifying genes above the same threshold as 253 unmethylated would include many genes that are methylated (Extended Data Fig. 3a ). This 254 could be from genes acquiring methylation at different evolutionary times and/or the presence 255 of different selection pressures for methylated cytosines that undergo spontaneous 256 deamination. Also, while correlations between CpGO/E, methylation level and methylation 257 density in the expected direction exist, the strengths of the correlations are moderate at best 258 (Extended Data Fig. 3b ). 259 
SD2. S. pistillata promoter methylation has no effect on gene expression 268
Methylation in vertebrates has primarily been thought to drive gene expression via the 269 differential methylation of promoter regions 31 . Our analysis indicates that-unlike in 270 vertebrates-promoter methylation in S. pistillata is sparse and does not influence gene 271 expression. We detected methylation in promoters (defined as a 4 kb window upstream of 272 genes) of 6,675 genes (25.9% of all genes). We identified 720 expressed genes that had 273 differential promoter methylation. Of these genes, only 20 genes were differentially 274 expressed (p = 0.26, Fisher's exact test), but only half of these genes exhibited the expected 275 change in expression linked to the change in promoter methylation (Extended Data Fig. 4a ). 
SD3. Correlation of genic expression to methylation 294
In light of the crosstalk between transcription, histone modifications and gene body 295 methylation, in which highly expressed genes are methylated to suppress spurious 296 transcription from cryptic promoters 11 , we sought to investigate whether similar observations 297 apply to corals. 298
We first confirmed that expression of methylated genes is higher than unmethylated genes in 299 S. pistillata (Fig. 2a ). For methylated genes, expression levels were significantly higher in 300 genes with higher methylation levels, and in genes with higher methylation density up to 40% 301 ( Fig. 2b ). We also observed that genes that are highly methylated tended to be housekeeping 302 genes (Supplementary Data 6b), in line with indirect evidence from three other corals from 303 genus Acropora 7,8 . 304
To quantify the amount of spurious transcription, we calculated the expression of the first few 305 exons relative to the first exon, with the expectation that methylation would reduce the 306 expression of the middle exons. Our RNA-seq data showed that, for methylated genes, there 307 was a progressive reduction of internal expression across the genes, culminating in a 308 significant difference observed in exon 6. The decline was also more significant when we 309 restricted the analysis to highly methylated genes (Fig. 2c) . 310
Some reports have suggested a link between increased methylation and the reduction in 311 transcriptional variability (i.e., transcriptional noise) 7,17 , estimated as the coefficient of 312 variation among the measured gene expression values. As previous studies did not investigate 313
whether expression values could be a confounding factor for transcriptional noise, we sought 314 to model transcriptional noise as a function of both expression level and methylation state. 315
Our GLM analysis indicates that while expression level largely (73.4-74.3%, p < 0.0001) 316 determines transcriptional noise, the presence of methylation in a gene further reduces (25.7-317 26.6%, p < 0.001) the noise, consistent with a suppressive action of methylation on 318 expression (Extended Data 
SD4. Validation of methylation patterns 331
To validate our initial findings and their reproducibility, we used MiSeq-based amplicon-332 specific bisulphite sequencing of selected candidate genes on the original samples as well as 333 on samples from an independent repeat experiment. 334
Accuracy of amplicon-specific bisulphite sequencing was assessed by performing this 335 technique on DNA from all three biological replicates from the pH 7.2 and control treatments 336 that were used to construct the original whole genome bisulphite libraries. Methylation levels 337 of individual CpGs assayed using both techniques were highly correlated (r 2 > 0.8, p < 0.01, 338
Extended Data Fig. 5a, Supplementary Data 7) . For most of the designed amplicons, both 339 techniques produced concordant predictions of the shift in methylation state at pH 7.2 340 (binomial test p(X ≥ 14) = 0.002, Extended Data Fig. 5b) . 15 out of 20 genes (binomial test p(X ≥ 15) = 0.02) showed the expected methylation patterns 362 (i.e., loci that had higher/lower methylation at pH 7.2) in samples from a separate experiment. 363 (c) PCA on these loci show that methylation patterns have a very strong tissue-specific 364 signature (along PC1); less so by treatment (along PC2). 365 366 Interestingly, we find that tissue-specific methylation patterns are stronger than treatment-367 specific patterns (Extended Data Fig. 6c ). This observation ties in well with studies done on 368 humans 18 , where non-cancerous cell lines tended to cluster based on tissue of origin. 369
Nonetheless, the effect of the long-term pH stress is evident: the second principal component 370 of the Principal Component Analysis (PCA) cleanly separates the treatments from each other. 371
Among the tested amplicons, some had similar methylation levels in both tissues, while stark 372 differences were present in some others. For example, major yolk protein (Spis7450), which 373 is found in the skeletal organic matrix, has a mean methylation level of 26.2% in aboral 374 tissues, in contrast to the 8.5% in oral tissues. Catalase (SpisGene3094), which has previously 375 been associated with symbiosis, has a 13.6% methylation in aboral tissues, a third of the 376 43.3% in the oral tissues where most of the symbionts reside. 377
Unexpectedly, genes that are involved in the regulation of JNK also displayed tissue-378 specificity. TRAF6 (SpisGene580) and JNK-interacting protein 1 (SpisGene10613) were far 379 more methylated in oral tissues than aboral. This potentially indicates that these genes might 380 be regulated in a tissue-specific manner. 381
SD5. Differential expression and methylation of biomineralization genes 383
pH stress has been consistently linked to the differential regulation of biomineralization genes 384 in scleractinian corals [32] [33] [34] ; however, its effect on methylation patterns has yet to be studied. 385
Our analysis of differentially methylated and differentially expressed biomineralization genes 386 did not correlate well with the observed phenotype. Also, the corresponding methylation 387 landscape of these genes was strikingly different from that of expression (Extended Data Fig.  388 7, Supplementary Data 9 ). This indicates that pathways responding to pH stress are perhaps 389 under direct expression regulation via transcriptional factors, rather than affected by the fine-390 tuning of expression afforded via changes in methylation state. 391
Extended Data Figure 7: Effect of long-term pH stress on selected biomineralization-393
related genes. All genes are significantly differentially expressed and/or methylated (p < 394 0.05) in one or more experimental conditions. Genes are sorted by the mean increase in 395 expression, followed by the mean increase in methylation. Grey boxes represent changes in 396 expression or methylation that were not statistically significant; blank boxes represent 397 unmethylated genes. The heatmaps show little overlap between differentially expressed genes 398 and differentially methylated ones, but the expression and methylation responses were always 399 more pronounced at lower pH. 400 401 Among the differentially methylated genes, we identified two genes encoding key ion 402 transporters putatively involved in the calcification process. The first is a gene encoding the 403 carbonic anhydrase STPCA (Spis16865) that has previously been localized in the ECM and is 404 thought to facilitate calcification by hydrating local CO2 to HCO3 -32 . The gene for this 405 protein was more methylated in the pH 7.2 and 7.4 treatments, indicating a potential 406 compensating mechanism that increases HCO3concentration. The second gene encodes the 407 bicarbonate transporter SLC4ß (Spis8325), which is thought to be coupled to the enzyme 408 STPCA2 in calicoblastic cells to facilitate HCO3transport to the ECM 35 . This gene, 409 however, is less methylated at pH 7.2, potentially indicating a modulation of bicarbonate ion 410 transport to the ECM. 411
Interestingly, we also observed increased expression of CARP1 (Spis6759), a main 412 constituent of the OM. This gene has been shown to be important for mineral deposition 36 413 and is localized in the cells around the skeleton 37 . CARPs and analogous proteins can bind to 414 collagen-the former serving as mineral nucleation points, while the latter providing 415 structural support within the ECM. An increase in CARP transcription may indicate an 416 increase in possible nucleation points for growth of the coral skeleton and might represent a 417 compensation mechanism. Major yolk protein (MYP, Spis7450), another OM protein with elevated expression 36 , is unusual in also having increased methylation at pH 7.2. MYP binds 419 and shuttles ferric iron 38 , which is an important trace element in the coral skeleton and 420 potentially plays a photoprotective role 39 . Furthermore, we found a putative homologue of 421 bone morphogenetic protein (BMP1, Spis8057) that was upregulated at pH 7.2. This protein 422 was also found to be highly expressed in embryos of the sea urchin Strongylocentrotus 423 purpuratus immediately before primitive skeleton (spicule) formation 40 
Growth conditions of S. pistillata 428
Colonies of the tropical coral Stylophora pistillata were exposed to long-term seawater 429 acidification as described previously 12, 13 . Briefly, corals were kept in aquaria supplied with 430
Mediterranean seawater (exchange rate of 70% h -1 ) at a salinity of 38 g L -1 , temperature of To ensure that methylated positions were bona fide, three stringent filters were used. Firstly, 467 the probability of methylated positions arising from chance on a per-position basis was 468 modelled using a binomial distribution B(n, p), where n represents the coverage (methylated 469 + unmethylated reads) and p the probability of sequencing error (set to 0.01 to mimic a Phred 470 score of 20). We kept positions with k methylated reads if p(X ≥ k) < 0.05 (post-FDR 471 correction). Secondly, methylated positions had to have at least a methylated read in all three 472 biological replicates of at least one growth condition. Finally, the median coverage of the 473 position across all 12 samples had to be ≥ 10. These steps ensured that methylated positions 474 were highly replicable and highly covered. 475
Assignment of genomic context to methylated cytosines 476
Based on the genome annotation of S. pistillata (in the form of a GFF3 file) and the positional 477 coordinates of the methylated cytosines (in a tab-separated file produced by Bismark), a 478
Python script was written to annotate every methylated cytosine with additional genomic 479 context. The script determined whether the methylated position resides in a genic or 480 intergenic region: for the former, an additional check occurs to determine whether it is in an 481 exon or an intron. Subsequently, distances to the 5' and 3' end of each genomic feature 482 (gene/intergenic region/exon/intron) were calculated. 483
Identification of differentially methylated genes 484
Using the methylation level of genes at pH 8.0 as a control, GLMs were implemented in R to 485 identify genes that were differently methylated at pH 7.2, 7.4 and 7.8 respectively. The 486 general formula used was: 487 glm(methylated, non_methylated ~ pH * position, family="binomial") 488
where "methylated, non_methylated" was a two-column response variable denoting the 489 number of methylated and non-methylated reads at a particular position, while "pH" and 490 "position" were predictor variables for the pH of the environment and the genomic coordinate 491 of the position respectively. Data from individual replicates were entered separately-this 492 approach assigned equal weightage to each replicate, instead of having a disproportionate 493 skew towards the replicate with the highest coverage if the data were pooled. Genes with < 5 494 methylated positions were filtered out to reduce type I errors. 495
Identification of differentially methylated promoters 496
As promoter regions were not defined in the S. pistillata genomes, it was assumed to be 497 located in a window of 4 kb upstream of the transcription start site. A GLM similar to the one 498 described in the previous paragraph was used to identify differentially methylated promoters; 499 however, due to the scarcity of methylated positions in these windows, genes with ≥ 2 500 methylated positions were retained for this analysis. 501
Identification of differentially expressed genes 502
High quality total RNA was extracted for library creation from 3 S. pistillata nubbins per 503 treatment. Directional mRNA libraries were produced using the NEBNext Ultra Directional Trimming was intentionally left out to increase the number of mapped reads, and to reduce 508 bias 43 . The resulting 362 million trimmed reads were mapped to S. pistillata gene models 509 with kallisto v0.42.4 44 to produce TPM (transcripts per million reads) values. Based on these 510 values, sleuth 45 was used to identify differentially expressed genes by contrasting all 511 biological replicates of pH 7.2, 7.4 and 7.8 against the controls (pH 8.0). 512
Calculation of exon expression relative to first exon 513
As kallisto is a pseudo-mapper, i.e., it assigns reads to gene models, but not the exact location 514 of where the read maps to the gene model, reads from all 12 replicates were mapped 515 separately using HISAT2 (v2.1.0) 46 against the S. pistillata genome. Genomic positions that 516 correspond to exonic locations were extracted with a Perl script, and mean coverages were 517 computed to produce RPKM values on a per-replicate, per-exon basis with a Python script. 518
Genes with six or more exons were selected for the analysis. Furthermore, as ratio-based 519 computations are skewed by lowly expressed genes, genes with overall mean RPKM > 0.5 520 and non-zero expression in the first six exons across all 12 replicates were selected. Ratios 521 were subsequently natural log-transformed to improve normality, resulting in 1,141 522 unmethylated genes, 5.750 methylated genes, and 2,955 highly methylated genes (genes with 523 median methylation > 80%). 524
Functional enrichment of methylated genes 525
GO term annotations were obtained from literature (Voolstra et al., 2017, in review). GO 526 term enrichment analyses were carried out with topGO 47 with default settings. GO terms with 527 p < 0.05 and occurring ≥ 5 times in the background set were considered significant. Multiple 528 testing correction was not applied on the resulting p-values as the tests were considered to be 529 non-independent 47 . 530 KEGG Orthology (KO) annotations were merged from results of gene model annotation and 531 KAAS (KEGG Automatic Annotation Server), http://www.genome.jp/tools/kaas/, with 532 parameters "GHOSTZ", "eukaryotes", and "bi-directional best hit". Based on the KO 533 annotation, KEGG pathway enrichment was carried out using Fisher's exact test. Pathways 534 with p < 0.05 were considered significant. 535
RT-qPCR verification of key growth genes 536
There is only one reference amplicon (against β-actin) designed specifically for this 537 organism 32 . As normalization against a single reference gene is rarely acceptable 48 , additional 538 control genes were selected from our RNA-seq data. Selected genes were highly abundant 539 (TPMs > 1,000), and expressed at roughly equivalent levels in all sequenced libraries. 540 Primers were designed, whenever possible, to include a large intronic region in addition to an 541 exonic size of ~100 bp. A Python script that interfaced with Primer3 v2.3.6 49 was written to 542 optimise primers design, e.g., melting temperatures of ~60 °C, GC% of 30-70%, avoid long 543 runs of a single base and no strong secondary structure. Apexes of colonies were prepared as described previously 50 . Briefly, apexes of S. pistillata 556 from an independent experiment using the same treatment conditions were fixed in 3% 557 paraformaldehyde in S22 buffer (450 mM NaCl, 10 mM KCl, 58 mM MgCl2, 10 mM CaCl2, 558 100 mM Hepes, pH 7.8) at 4 °C overnight and then decalcified, using 0.5 M 559 ethylenediaminetetraacetic acid (EDTA) in Ca 2+ -free S22 at 4 °C. They were then dehydrated 560 in an ethanol series and embedded in Paraplast. Cross-sections (6 µm thick) were cut and 561 mounted on POL-membrane (0.9 µm) frame slides (Leica Microsystems, Wetzlar, Germany). 562
The Leica AS LMD system, with a pulsed 337 nm ultraviolet laser on an upright microscope, 563 was used for the microdissections. The laser beam can be moved with a software-controlled 564 mirror system that allows selecting target cells and tissues. Target cells can be preselected on 565 a monitor with a freehand drawing tool, and then the computer-controlled mirror moves the 566 laser beam along the pre-selected path and the target cells are excised from the section. The 567 dissected part then falls into a PCR tube under gravity. The collection by gravity ensures 568 quick and contamination-free processing of the dissected tissue sections. 569 DNA from eight sections (duplicates of aboral and oral tissue from pH 7.2 and from controls) 570 were extracted, and subjected to bisulphite conversion using EpiTect Plus Bisulfite 571
Conversion kit following manufacturer's instructions (Qiagen, Hilden, Germany). 572
Validation of differential methylation via amplicon-specific bisulphite sequencing 573
As dissected tissues contain minute amounts of DNA, we decided to perform amplicon-574 specific bisulphite sequencing to validate the methylation levels within our amplicons of 575 interest. A nested PCR design was used to generate these amplicons. Outer primers were 576 pooled in the initial PCR run (35 cycles), and the resulting reaction mix was then evenly split 577 into amplicon-specific individual PCR reactions (35 cycles) with their respective inner 578 primers. As the amplicons were to be sequenced on the Illumina MiSeq platform, the inner 579 primer pairs were designed with additional overhangs to facilitate downstream library 580 creation, per the 16S Metagenomic Sequencing Library Preparation guide (Illumina, San 581 Diego, CA). 582
Amplicons were selected within genes that exhibited differential methylation at pH 7.2 583 relative to control. As bisulphite-conversion produces Watson and Crick strands that are no 584 longer reverse complements of each other, primers were designed to amplify the sense strand 585 of the gene product. To optimise primer design, a self-written Python script that interfaced 586 with Primer3 v2.3.6 49 was used to select primer pairs that were fully located within non-587 methylated regions. This important consideration avoids the need for degenerate primers (one 588 degenerate base is required per methylated CpG), reducing ordering costs and dodging 589 potential PCR amplification biases. In total, 46 amplicons (i.e., 184 primers) were designed. 590
To assess the primers, test nested PCRs were performed on converted S. pistillata total DNA; 591 PCR products were subsequently visualized on an agarose gel. Primers that completely failed 592 to produce amplicons with expected band sizes were discarded (n = 3). The remaining 593 primers were grouped into 3 batches (of ~14 primers each) to reduce unintended products that 594 might arise from pooling too many outer primers in the initial reaction. 595
To validate our original findings and to test the accuracy of this approach, the same 596 amplicon-specific bisulphite approach was carried out on DNA from all three samples of pH 597 7.2 and control that were used to construct the original whole genome bisulphite libraries. 598
This allowed for direct comparisons of methylation levels assayed via amplicon-specific and 599 whole genome bisulphite sequencing. 600
With the use of Nextera XT indices (Illumina, San Diego, CA), libraries were pooled and 601 sequenced on one-and-a-half MiSeq runs. A total of 14.2 million paired-end reads (read 602 length of 300 bp) were produced. These reads were cleaned and mapped to the S. pistillata 603 genome with the same pipeline used to process reads from whole genome bisulphite 604 sequencing, with the sole exception of skipping the deduplication step (distinct amplicons 605 from the same loci map to the same genomic coordinates and thus are erroneously deemed 606 duplicates). 607
We used a very conservative coverage threshold for the downstream analyses: only 608 methylated positions with read coverages greater than 100 in all samples were retained. This 609 filtering step increased the precision of the measured methylation levels and reduced the 610 effect of noise on the results.
